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57 ABSTRACT

An interlayer connection structure for an integrated
circuit includes a substrate, a first level horizontal con-
ductor formed on the substrate, an interlayer insulator
formed to cover the first level conductor, a second level
horizontal conductor formed on the interlayer insula-
tor, and a vertical conductive pillar extending through
the interlayer insulator for interconnecting the first
level horizontal conductor and the second level hori- |
zontal conductor. The vertical conductive pillar has a
side surface coplanar with a longitudinal side surface of
the first level horizontal conductor at a position where
the vertical conductive pillar is in electric contact with

the first level horizontal conductor.
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MULTILEVEL METALLIZATION FOR VLSI AND
METHOD FOR FORMING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multilevel metalli-
zation and a method for forming the same, and more
specifically to an improved pillar structure for intercon-
nection between two different levels of wiring conduc-
tors, and a method for forming the improved pillar
connection.

2. Description of Related Art

In the prior art, a vertical connection between two
different levels of wiring conductors in a multilevel
metallization has been effected by completely charging

a conducting material into a through hole or via hole

formed in an interlayer insulating layer, by vacuum
evaporation or by sputtering. However, an advanced

integrated circuit technology, particularly, an increased

integration density of the integrated circuit has made it
difficult to realize a stable interlayer interconnection by
means of through holes. In order to overcome this prob-
lem, it has been proposed to previously form a stud-like
connection member, often called a *“pillar”, on a lower
level metallization so as to vertically protrude from the
lower level metallization, whereby a good interlayer
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connection between the lower level metallization and

an upper level metallization can be realized by the con-
ductive pillar vertically protruding from the lower level
metallization.

Referring to FIGS. 1 and 2, there 1s dlagrammatlcally
shown a typical example of a conventional conductive
pillar vertically protrudmg from the lower level metalli-
zation. As shown in FIG. 1, a plurality of lower level
conductors 12 are formed on a semiconductor substrate
10, and a conductive pillar 14 is formed on the lower
level conductor 12 at a pillar connection portion 16
where a through hole 18 is to be formed in an interlayer
insulator (not shown) which is to be formed to cover
the lower level conductors 12 for the purpose of inter-
connection between the lower level conductors 12 and
an upper level conductor (not shown) to be formed on
the interlayer insulator. As seen from FIG. 2, however,
in order to previously ensure a tolerance of alignment
and to compensate for variation of dimensional accu-
racy in the semiconductor process, it has been necessary
to widen the portion 16 of the lower level conductor 12
where the pillar 14 is formed with the result that a
conductor pattern pitch (line pitch) must be enlarged.
For example, assuming that a width of each conductor
12 is “F” at a portion excluding the pillar connection
portion 16 and *“2F” at the pillar connection portion 16,
and that a minimum space between each pair of adja-
cent conductors is “F”, the conductor pattern pitch
must be “3F”. In other words, it is disadvantageous in
that the wiring density has been decreased.

Recently, K. Haberle et al. proposed has, in' Proceed-
ings of IEEE V-MIC Conference, 1988, pp117-124,
that the wiring conductors and the pillars are formed of
‘gold metallization so as to reduce the wiring pitch.
Referring to FIGS. 3 and 4, there is diagrammatically
shown a conductive pillar proposed by K. Haberle et al.
As shown in FIG. 4, a through hole 18A is formed to
have a size larger than the width of the lower level
conductor 12 formed on the substrate 10, and then, as
shown in FIG. 3, a pillar 14A is formed to straddle the
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2

lower level conductor 12 by means of a gold plating
method. |

In this method, assuming that the width of each lower
level conductor 12 is “F” and the width of the pillar
14A is “2F* in a direction perpendicular to the longitu-
dinal direction of the lower level conductor 12, the
wiring pitch (line pitch) can be made “2.5F”, which is
shorter than the example shown in FIGS. 1 and 2. How-
ever, due to possibie misalignment of mask patterns and
due to vanations of the shape of the pillar, there is an
danger of short-c:rcmtmg between adjaccnt conductors
or another danger of increasing a wiring capacitance
even if the adjacent conductors are not short-circuited.
In other words, in order to avoid these dangers, the
wiring pitch (line pitch) cannot be sufficiently reduced.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an interlayer connection structure for an
integrated circuit, which overcomes the above men-
tioned defects of the conventional apparatus.

~ Another object of the present invention is to provide
an interlayer connection structure of the pillar type,
which can reduce the wiring pitch as compared with
the conventional apparatus.

Still another object of the present invention is to
provide a method of forming an interlayer connection
structure of the pillar type, which method reduces the
wiring pitch as compared with conventional methods.

The above and other objects of the present invention

~ are achieved in accordance with the present invention
- by an integrated circuit including a substrate, a first

level horizontal conductor formed on the substrate, an
interlayer insulator formed to cover the first level con-
ductor, a second level horizontal conductor formed on
the interlayer insulator, and a conductive pillar extend-
ing through the interlayer insulator for interconnecting
the first level horizontal conductor and the second level

horizontal conductor, the conductive pillar having a

pair of opposite side surfaces coplanar with a pair of
corresponding longitudinal side surfaces of the first
level horizontal conductor at a position where the con-
ductive pillar is in electric contact with the first level
horizontal conductor. |
According to another aspect of the present invention,

there 1s provided a method of forming an interlayer

connection conductor in an integrated circuit, compris-
ing the steps of depositing a first photoresist layer on the
conducting layer and patterning the deposited first pho-
toresist layer to form in the deposited first photoresist
layer a groove for formation of a lower level wiring
conductor, forming within the groove a first level wir-
ing conductor having a thickness smaller than that of
the deposited first photoresist layer, forming a second
photoresist to cover an area including the first level
wiring conductor, forming an opening in the second
photoresist above the lower level wiring conductor at a
predetermined position where the lower level wiring
conductor 1s to be interconnected with a possible upper
level wiring conductor, so that a portion of the lower
level wiring conductor is exposed through the opening,
the opening having a size larger than a width of the
lower level wiring conductor, and forming a conduc-
tive pillar within the opening, so that the conductive
pillar is formed in the groove above the lower level
wiring conductor.

“As seen from the above descriptions the mterlayer

connection structure in accordance with the present
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invention for an integrated circuit i1s such that a pair of
opposite side surfaces of the conductive pillar vertically
extruding from the first level hornizontal conductor are
coplanar with a pair of corresponding longitudinal side
surfaces of the first level horizontal conductor, respec-
tively. This means that the dimension of the conductive
pillar in a width direction of the first level horizontal
conductor 1s the same as the width of the first level
horizontal conductor, and accordingly, the wiring pitch
can be determined by the width of the first level hori-
zontal conductor and therefore can be reduced as com-
pared with the conventional apparatus.

In addition, in the method in accordance with the
present invention for forming the interlayer connection
structure, the lower level wiring conductor and the
conductive pillar are formed within the groove formed
in the deposited first photoresist layer. This means that
the conductive pillar 1s formed in a self-alignment with
the lower level wiring conductor by action of the
groove formed in the deposited first photoresist layer.
Therefore, the wiring pitch can be reduced to a limit
determined by a photolithography. In other words, the
wiring pitch can become free from a tolerance margin
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. 4
a thin layer 22 of TiW and another thin layer 24 of Au
are continuously deposited on a principal surface of the
semiconductor substrate 20 by sputtering. Thereafter, a
first photoresist 26 is deposited to cover the whole of
the principal surface of the semiconductor substrate 20
and to have a thickness of 2.0 um, and the deposited
first photoresist is patterned by a photolithography to
form a plurality of grooves 28 for a lower level conduc-
tor, so that the underlying Au thin layer 24 is exposed
within the grooves 28. Then, as shown in FIG. 5A, a
first or lower level conductor 30 of Au having a thick-
ness of 0.8 um is formed within each groove 28, namely
deposited on the exposed underlying Au thin layer 24

~ within each groove 28, by means of the Au electroplat-
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for misalignment and a dimensional error of semicon-

ductor process, which were causes for mcreasmg the
wiring pitch in the prior art.

The above and other objects, features and advantages
of the present invention will be apparent from the fol-
lowing description of a preferred embodiment of the
invention with reference to the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic perspective view of one
example of the conventional conductive pillar vertically
protruding from the lower level conductor in the multi-
level metallization;

FI1G. 2 1s a wiring pattern diagram of the lower level
conductor and the conductive pillar vertically protrud-
ing therefrom as shown in FIG. 1;

FIG. 3 1s a diagrammatic perspective view of another
example of the conventional conductive pillar vertically
protruding from the lower level conductor in the multi-
level metallization;

FIG. 4 1s a wiring pattern diagram of the lower level
conductor and the conductive pillar vertically protrud-
ing therefrom as shown in FIG. 3;

FIGS. 5A to 5E are diagrammatic perspective views
of an integrated circuit chip for illustrating one embodi-
ment of the pillar type interlayer connection construc-
tion forming method in accordance with the present
invention; and

FIG. 6 1s a wiring pattern diagram of the lower level
conductor and the conductive pillar vertically protrud-
ing therefrom formed in the method illustrated in FIGS.
SA to S5E.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 5A to 5E, there are shown dia-
gramatic perspective views of an integrated circuit chip
for 1llustrating one embodiment of the pillar type inter-
layer connection construction forming method in ac-
cordance with the present invention.

Firstly, in order to form a conductive underlayer
which is used for forming necessary wiring conductors
and vertical conductive pillars on a semiconductor sub-
strate 20 by use of an Au (gold) electroplating method,
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ing method using the conducting underlayer 24 as an
electrode to be plated. This Au electroplating method is
described in detail in the K. Haberle et al article re-
ferred to hereinbefore, and therefore, a detailed expla-
nation thereof will be omitted.

As shown in FIG. 5B, a second photoresist 32 is
deposited to cover the whole upper surface of the semi-
conductor substrate 20, with the portion of each groove
28 above the first or lower level conductor 30 being
filled with the second photoresist 32. The deposited
second photoresist 32 is patterned by a photolithogra-
phy to form a plurality of openings 34 at predetermined
positions where a conductive pillar is to be formed, so
that the first or lower level conductor 30 is partially
exposed. As shown in FIG. 6, the size of the opening 34
In a direction perpendicular to a longitudinal direction
of the first or lower level conductor 30 is larger than the
width of the first or lower level conductor 30, namely,
the width of the groove 28. Specifically, at a level above
a horizontal boundary between the first photoresist 26

and the second photoresist 32, each opening 34 has the

size larger than the width of the lower level conductor
30. On the other hand, at a level below the horizontal
boundary between the first photoresist 26 and the sec-
ond photoresist 32, each opening 34 has a size limited by
the width of the groove 28, namely, the width of the
lower level conductor 30. Accordingly, the relative
positioning of the opening 34 to the first or lower level
conductor 30 may be at a relatively low degree of accu-
racy so long as it is assured that the full width of the
lower level conductor 30 is exposed within the opening
34. In other words, a center of the opening is not neces-
sarily in precise alignment to a longitudinal center axis
of the lower level conductor 30.

Here, it should be noted that, for the photolithogra-
phy for the second photoresist 32, it is necessary to
select a process which gives no damage to the shape of
the first photoresist 26. For example, if the first and
second photoresists 26 and 32 is of a positive type which
contains a Novorak resin as a main component, the first
photoresist 26 is cured within a plasma atmosphere, and
thereafter, the second photoresist 32 is deposited. With
this, the second photoresist 32 can be patterned to a
desired shape without causing substantial damage to the
shape of the first photoresist 26.

After the formation of the openings 34, Au is depos-
ited by the Au electroplating method using the conduct-
ing underlayer 24 as an electrode to be plated, until a
first pillar 36 of Au having a height of 0.8 um is grown
on the lower level conductor 30 within the opening 34.
The total height of the lower level conductor 30 and the
first pillar 36 is 1.6 um, which is smaller than the thick-
ness of the first photoresist 26. Therefore, a pair of
opposite side surfaces of the first pillar 36 positioned in
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a longitudinal direction of the lower level conductor 30
are coplanar with a pair of corresponding opposite
longitudinal side surfaces of the lower level conductor
30. In other words, although the opening 34 having the
size larger than the width of the lower level conductor

. 6
The process as mentioned above can be repeatedly

performed. Therefore, a multilevel metallization can be
realized with a desired number of levels and with a

- minimum wiring pitch (line pitch) allowed by the pho-

30 is formed in the second photoresist 32, the first pillar

36 is formed in self-alignment with the lcuwer level con-
ductor 30.

Thereafter, the first and second photoresists 26 and 32
are removed, and then, the exposed underlayer com-
posed of the Au layer 24 and the TiW layer 22 is re-
moved by means of ion milling, as shown in FIG. 5C.

Then, as shown in FIG. 5§D, a silicone polyimide
(PSI) layer 38 is deposited as an interlayer insulator on
the whole surface of the substrate, and etched back by
means of an entire etch-back process until a head por-
tion 36A of the first pillar 36 is exposed above the sili-

cone polyimide layer 38 so that the exposed portion has
a height of 0.2 um.

Thereafter, as shown in FIG. SE, a required number
of second or upper level conductors 40 and second
pillars 42 of Au protruding from the upper level con-
ductors 40 are formed in the same manner as that ex-
plained above with reference to FIGS. SA to SD. The
upper level conductors 40 are formed in a direction
orthogonal to the lower level conductors 30, and some
of the upper level conductors 40 are formed above and
in electric contact with selected ones of the exposed
heads 36A of the first pillars 36. The second pillars 42
are formed in self alignment with the upper level con-
ductors 40. Therefore, the upper level conductors 40
can be formed with the wiring pitch (line pitch) of 2F,
similarly to the lower level conductors 30.

tolithography. Accordingly, a maximum wiring density
can be obtained.
The invention has thus been shown and described

~ with reference to the specific embodiment. However, it
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should be noted that the present invention is in no way
limited to the details of the illustrated structures but
changes and modifications may be made within the
scope of the appended claims.

We claim:

1. An integrated circuit comprising:

a substrate; |

an elongated, patterned, stacked underlayer compris-

"~ ing a TiW layer and an Au layer;

a first level, horizontal, elongated, patterned conduc-
tor formed on said underlayer and extendmg on
and along said underlayer;

an interlayer insulator formed from silicon polyimide
covering said first level conductor:;

a second level, horizontal, elongated, patterned con-
ductor formed on said interlayer insulator: and

a vertical conductive pillar extending through said
interlayer insulator for interconnecting said first
level conductor and said second level conductor,
said vertical conductive pillar having a pair of
opposite side surfaces coplanar to a pair of opposite
longitudinal side surfaces of said first level conduc-
tor at a position where said vertical conductive
pillar 1s in electric contact with said ﬁrst level con-

ductor.
¥ ¥ i | *
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